Abstract
INTRODUCTION
Acute cerebral infarction (ACI), one of the common cerebrovascular diseases, is a series of pathological and physiological changes induced by cerebral ischemic injury [1, 2] . Acute cerebral infarction (ACI) has an increasing incidence, with high disability and fatality rates. It has severe effect on the life and health of the affected patients. The key to clinical treatment of acute cerebral infarction is to rapidly relieve cerebral anoxia and ischemia or give thrombolytic therapy. The contraindication, indication and window phase of thrombolysis are strict, thus restraining its clinical application and increasing treatment difficulties [3] . Currently, conventional treatment is used in the management of ACI acute cerebral infarction, but these are not very effective [4] .
Edaravone and urinary kallidinogenase are novel drugs which appeared in the market in recent years. As a free radical scavenger, edaravone can effectively eliminate free radicals and inhibit the oxidation of cerebral cells and vascular endothelial cells. Urinary kallidinogenase is a selective cerebrovascular dilator which relaxes blood vessels and improves aerobic level of brain tissues. Edaravone in combination with urinary kallidinogenase acts on multiple pathological steps of cerebral injury induced by acute cerebral infarction, and its effect has been proven in many studies [5, 6] .
However, not much is known about the effects of edaravone-urinary kallidinogenase combination on inflammatory factors in the treatment of ACI, apart from a few studies [7] . Inflammatory factors are involved in the occurrence and development of inflammatory reactions, and inflammatory reactions play critical roles in the occurrence and development of ACI. This study investigated effectiveness of edaravone-urinary kallidinogenase combination as therapy for ACI, and its effects on serum levels of interleukin (IL)-17 and high-sensitivity C-reactive protein (hs-CRP).
EXPERIMENTAL General characteristics of the study subjects
One hundred and eighteen patients with ACI who were on admission between March 2015 and July 2016 were enrolled. The patients met the diagnostic criteria formulated in the 4 th National Academic Conference of Cerebrovascular Diseases. They were diagnosed using head CT scan and/or MRI. Patients were excluded if they had recent hemorrhagic disease or bleeding tendency, vital organ, failure, hematological system disorders, mental disease or congenital abnormality in limb function. Moreover, patients who received an altered treatment scheme because of allergy were excluded. The patients were assigned to two groups with the assistance of random number table. There were 59 subjects in each group (control and study groups). The study group had 32 males and 27 females, with mean age of 56.4 ± 2.7 years, and there was a mean time interval of 24.5 ± 9.57 h between the first dose and onse. In the control group, there were 30 males and 29 females, with a mean age of 55.8 ± 2.3 years and a mean interval of 23.6 ± 10.58 h between the first dosing and onset. Ethical approval was obtained from the Medical Ethics Committee of Binzhou People's Hospital (approval no. WXM20160821BZ), and the guidelines of the Declaration of Helsinki were followed [8] .
Therapeutic methods
The patients were given conventional symptomatic treatment to prevent coagulation and infection, and to improve microcirculation, In addition, the conventional treatment served to maintain water and electrolyte balance, and control blood pressure and glucose. Patients in the control group were given intravenous drip of a mixture containing 30 mg of edaravone (Xi'an Lijun Pharmaceutical Co. Ltd., China; SFDA approval no. H20120042) and 100 mL of normal saline in addition to conventional treatment, twice a day. Patients in the study group were given intravenous drip of a mixture containing 0.15 PNA of urinary kallidinogenase (Guangdong Techpool Biochemical Pharmaceutical Inc., China; approval number: H20052065), twice a day. The course of treatment of both groups was two weeks.
Observational indexes
Neurologic impairment in the two groups was evaluated using NIHSS [9] and MBI before and after treatment. Venous blood (5 mL) was taken from every patient in the fasting state in the morning before and after treatment. Then the blood was subjected to centrifugation at 3000 rpm at room temperature for 15 min. Serum was separated from the blood, divided into two portions, and preserved at -70 °C. Levels of IL-17 were assayed using ELISA. Serum level of hs-CRP was measured using latex-enhanced immunotransmittance turbidimetry (LEITD). The kits used in the assay were purchased from Shanghai Enzyme-linked Biotechnology Co., Ltd., China, and all the operations strictly followed the kit instructions. Blood and urinary routine indices, hepatic and renal functions, and coagulation function were determined before and after treatment. Electrocardiograph and blood pressure were monitored and recorded. Incidents of untoward effects were recorded.
Determination of therapeutic effects
A decrease in NIHSS score was taken as the criterion for determination of therapeutic effect [10] . If NIHSS score and grade 0 disabilities decreased by 91 -100%, the patient was considered as basically cured. If NIHSS score and grades 1 -3 disabilities decreased by 46 -91%, the patient was considered as significantly progressive. If NIHSS score and grade 4 disabilities decreased 18 -46%, it was considered as progressive. A decrease smaller than 18 % was taken as no changes. An increase in NIHSS score and grade 5 disabilities or death were taken as ineffective. Total effectiveness (T) was evaluated using Eq 1.
T (%) = {(A + B + C)/N}100 …………. (1) where A, B, C, and N are no. of cases basically cured, significantly progressive cases, no of progressive cases, and total no. of cases, respectively.
Statistical analysis
SPSS ver. 21.0 was used in data analysis. Data on enumeration are presented as number or percentage (n, %). The two groups were compared using Chi-square test. Measurement data are expressed as mean ± standard deviation (SD) and compared t-test. Values of p < 0.05 implied significant differences.
RESULTS

Clinical effectiveness
The total effectiveness in the study group was 94.9 % (56/59), which was remarkably higher than 78.0 % (46/59) seen in the control group (X 2 ＝ 4.176, p < 0.05, Figure 1 ). 
Changes in neurological function
There were significant increases in NIHSS scores in the study and control groups after treatment, relative to corresponding pretreatment scores (p < 0.05, Table 1 ). However, the MBI scores became significantly lower after treatment. The variations in the two indices in the study group were larger than the variations in the control group 
Serum levels of IL-17 and hs-CRP
The differences in pre-treatment serum levels of IL-17 and hs-CRP between the two groups were not statistically significant (p > 0.05). However, there were significant differences in IL-17 and hs-CRP levels between both groups (p < 0.05). The study group had significantly lower serum levels of IL-17 and hs-CRP than the control group (p < 0.05, Table 2 ). 
Adverse reactions
None of the patients in the two groups had severe impairment of the liver, heart and kidney. Moreover, blood routine indices of the two groups had no apparent changes. Only one patient in the study group blushed and felt feverish when receiving being intravenous drip of urinary kallidinogenase, but recovered after the infusion was slowed down.
DISCUSSION
Cerebral infarction is induced by cerebral ischemia caused by cerebrovascular occlusion. Neurological function deteriorates several hours or days after the attack. Therefore treatment of cerebral infarction usually includes cerebral protection, alleviation of neurological function and acceleration of neurological function recovery [11] . Currently, cerebral infarction is treated with multiple drugs, but the effectiveness of those drugs are not adequate. Thus, there is need to improve therapeutic effect by developing new drugs.
In the present study, edaravone in combination with urinary kallidinogenase was used to treat acute cerebral infarction, with favourable results. In many animal studies, urinary kallidinogenase has been proven effective in promoting vascularization in ischemic tissues, relieving inflammation and nerve cell apoptosis, and increasing hemoperfusion volume in local tissues. Urinary kallidinogenase can be used in the treatment of cerebral stroke, and its main component is human urinary kallidinogenase. It can effectively inhibit platelet aggregation and relieve intracranial blood steal phenomenon [12, 13] . It improves blood circulation, stimulates vascular endothelial cells to secrete NO, eliminates free radicals, inhibits oxidative stress and IL-6, dredges occlusive vessels, and accelerates neovascularization [14] .
Edaravone is a brain-protective agent which can prevent reduction of cerebral blood flow volume around infarcts and assist urinary kallidinogenase to eliminate free radicals, inhibit lipid peroxidation, and relieve impairment of vascular endothelial cells and brain cells [15, 16] . The results of this study have demonstrated superior clinical effect in the combination treatment group, and the improvement of NIHSS score and MBI was better in the study group than in control group. This indicates that edaravoneurinary kallidinogenase combination can effectively reduce neurological impairment.
Inflammatory reaction is also an important factor that influences the onset of acute cerebral infarction. When local cerebral ischemia happens, many oxygen free radicals are generated. These induce the activation of immune system after white cells enter ischemic tissues; then pro-inflammatory factors are released to mediate inflammatory reactions, which aggravate the apoptosis of nervous cells in ischemic sites. Inflammatory reaction may promote the formation and spread of atherosclerotic plaques which are one of the leading independent risk factors for acute cerebral infarction; most patients with acute cerebral infarction have atherosclerotic plaques [17] . It is known that hs-CRP is one of the common markers of inflammatory reaction. Studies have shown that patients with acute cerebral infarction experience sudden increases in hs-CRP levels [18] . This is consistent with the condition of the patients in the current study. As an inflammatory reaction factor, IL-17 stimulates epithelial cells, endothelial cells, fibroblast and keratinocytes to release cytokines.
Moreover, IL-17 can aggravate inflammatory reaction through up-regulation of cytokines [19] . In addition, IL-17 upregulates the production of intercellular adhesion molecule-1 (ICAM-1) and promotes the secretion and release of inflammatory reaction-related factors such as tumor necrosis factor (TNF)-α, IL-6 and IL-8 which aggravate inflammatory reactions and cerebral injury [20] . The current study indicate that the patients in the study group had remarkably lower serum levels of IL-17 and hs-CRP than the control group patients. This suggests that edaravone in combination with urinary kallidinogenase can effectively inhibit inflammatory reactions and enhance therapeutic effectiveness.
Limitations of the study
The source of the cases was limited; therefore, it cannot be ruled out that the conclusions of this article may be affected by some biases. Moreover, the patients were not followed up for a long time. To validate the findings in this study, multi-center clinical trials with larger sample sizes need to be carried out in the future
CONCLUSION
Edaravone in combination with urinary kallidinogenase is effective in treating cerebral infarction. The therapy can relieve neurological impairment, inhibit inflammatory reaction, and improve prognosis. The number of cases included in this study was small. To ensure the preciseness of results, studies with a larger sample size are needed in the future. A follow-up study is also necessary.
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